METHODS
Our analysis is based on a demographic model of male mortality and life expectancy in the city of Vancouver, British Columbia. This urban centre, part of the third largest metropolitan population in Canada, was selected because it is known to have a large gay and bisexual population and one of the highest rates of HIV/AIDS mortality of any Canadian city. 2, 3 In this city, HIV/ AIDS is the leading cause of death in men between the ages of 25 and 39 years and the leading cause of premature mortality in men before age 75 years. 2 A demographic approach was used to simulate the impact of HIV/AIDS on the age-specific mortality and life expectancy of gay and bisexual men and all men in Vancouver for the period 1987 through 1992. Three scenarios for gay and bisexual men were modelled based on varying assumptions relating to population size. Gay and bisexual men were assumed to account for either 3, 6 or 9% of the total male population aged у20 years. The lower-bound limit is derived from estimates for the prevalence of men who have sex with men in a given year, while the upper-bound coincides with liberal estimates for lifetime history of same gender sex. [9] [10] [11] These three proportions were judged to encompass both the most conservative and liberal estimates for the proportion of gay and bisexual men among the adult male population.
The values assigned to model parameters were based, where possible, on empirical data. Mid-period population estimates, broken down by 5-year age groups, were based on intercensal estimates computed from the 1986 and 1991 censuses. 12, 13 Estimates of the number of deaths, by 5-year age group and major cause, were based on vital statistics data from the British Columbia Division of Vital Statistics. Known non-HIV deaths were distributed by 5-year age group according to the proportion of the total population that gay and bisexual men were assumed to represent. The number of known deaths attributable to HIV remained fixed for each scenario of gay and bisexual men. Based on the current evidence of reported AIDS cases in gay and bisexual men in this centre, we estimated a priori that gay and bisexual men accounted for 95% of known deaths due to HIV/AIDS in this study period. 14 Model-derived patterns of mortality and life expectancy were assessed using a variety of demographic methods. First, abridged period life tables were constructed to compare patterns of age-specific mortality, life expectancy at exact age 20 years, survivorship and probability of living from exact age 20 to 65 years. 15, 16 These tables were used to characterize the mortality experience that a hypothetical cohort of men would have if it was subjected to the mortality rates in a given population scenario over the 6-year study period. Second, cause-deleted life tables were constructed to compare the impact on life expectancy after deaths attributable to HIV/AIDS were removed. Computation steps for cause-deleted tables are similar to that for abridged life tables, except that the former also take into account the effects of competing risks on patterns of cause-specific mortality. 17 Standard errors for life expectancy values for both life tables were computed using methods previously described in the literature. 12 
RESULTS
Based on census and vital statistics data, the midperiod Vancouver male population was estimated to be 180 215 and the total number of male deaths in Vancouver from 1987 to 1992 was observed to be 13 106, of which 609 or 5% were attributable to HIV/AIDS either as the underlying or antecedent cause of death. Under the three model-derived scenarios estimates of the mid-period gay and bisexual population aged у20 years in Vancouver ranged from 5406 to 16 219 and estimates of the total deaths ranged from 953 to 1703. The number of HIV/AIDS deaths in the three scenarios remained fixed at 579 deaths or 95% of all deaths in the total male population attributable to HIV/AIDS (Table 1) . Figure 1 compares patterns of age-specific HIV/AIDS mortality rates for gay and bisexual and all men aged 20-64 years. Rates of age-specific mortality were highest for gay and bisexual men, with rate differentials between gay and bisexual and all men increasing as the modelled proportion of gay and bisexual men in the total male population decreased. For example, the mortality rate per 100 000 population for all men age 40-44 was 414, while the mortality rate in gay and bisexual men aged 40-44 under the 3% assumption was as high as 4665. In all three scenarios for gay and bisexual men, the maximal mortality occurred from the ages of 30-44 years. In contrast, mortality rates for all men combined demonstrated the conventional relationship between age and mortality. The slopes for the three scenarios of gay and bisexual men and all men combined starting converging from age 55 years onward. Figure 2 depicts the survivorship of gay and bisexual and all men during the age interval of 20-69 years. As seen here, the probability of surviving during this age interval was lowest under the scenario in which gay and bisexual men represent 3% of the total male population and highest for all men. The probability of surviving from exact age 20 to 65 years for gay and bisexual men ranged from 0.32 to 0.59 for the three scenarios, where the lowest probability was observed when gay and bisexual men represent 3% of the total population. For all men, the probability of living during the same interval was 0.78. Table 2 compares the life expectancy and loss in expectation of life attributable to HIV/AIDS at age 20 years for gay and bisexual men versus all men. Life expectancy at age 20 for gay and bisexual men ranged from 34.0 to 46.3 years for the three scenarios. The lowest figure was for the 3% scenario and highest when 9% of the total male population was assumed to be gay and bisexual. Figures for all three scenarios of gay and bisexual men were considerably lower than the life expectancy for all men of 54.3 years. The loss in life expectancy due to HIV/AIDS for gay and bisexual men ranged from 21.3 years to 9.0 years for the 3% and 9% scenarios respectively. In contrast, loss in life expectancy attributable to HIV/AIDS for all men was one year.
DISCUSSION
In mid-1989, we estimate there were from 5406 to 16 219 gay and bisexual men living in the city of Vancouver based on prevalences ranging from 3% to 9%. Even if our most liberal assumption of 9% applied, Vancouver gay and bisexual men would still be experiencing a life expectancy similar to that endured by Canadian men in the year 1871. 18 At that time, men aged 20 years could expect to live another 48 years of life. Under the 9% scenario, gay and bisexual men at age 20 can expect to live another 46 years and have a total life span of 66 years in this major urban centre. Approximately 42% of gay and bisexual men under this mortality regime would die before age 65 with the maximal mortality occurring between the ages of 30 and 44 years. Our model-derived age-specific patterns of mortality concur with other recent studies which have examined the mortality experience of populations most at risk of HIV infection. Among gay and bisexual men, data from the San Francisco City Clinic cohort indicate that HIV infection is the leading underlying cause of death. 19 As early as 1987, the age-adjusted mortality rate for HIV infection (ICD-9 042-044) in this cohort was 154 times (95% CI : 131-179) the expected rate if mortality rates for the total US male population are applied. Among haemophiliacs, multiple-cause of death data for the US indicate that the number of deaths at most ages have increased substantially from 1968 to 1989. 20 These agespecific increases were most marked in association with deaths from HIV infection. The proportion of deaths attributable to HIV/AIDS has risen from 20% in 1983-1985 to 55% in 1987-1989. There are a number of methodological limitations inherent in this analysis. First, although we have revealed that the life expectancy of gay and bisexual men has sustained a tremendous deficit relative to all men, the true effect is likely to be larger because of problems of underreporting and underdiagnosis of AIDS. In Canada, cases of AIDS have been shown to be underestimated in the national registry by approximately 15-20%. 21 This level of underreporting of AIDS cases is not unique to Canada and reflects a common problem found throughout the developed world. 22 If, in our analysis, the extent of underreporting of deaths attributable to AIDS is greater than that of other major causes of death, as appears likely, then the relative impact of HIV/AIDS compared with other diseases will have been underestimated.
Second, the pattern of non-HIV mortality for gay and bisexual men may be distinctly different from that exhibited by all men. This is unlikely to be the case for most causes of death. For example, mortality data from the San Francisco City Clinic cohort has revealed that only HIV infection and suicide have a higher than expected rate of death. In the case of deaths from suicide, gay and bisexual men in the latter cohort were 3.4 times (95% CI : 1.1-7.9) more likely in 1987 to die from this cause than the total US male population. 19 Clearly, if there are other causes of mortality which are higher in gay and bisexual men, then the net effect is that we will have underestimated the true deficit in life expectancy being experienced by this population.
Despite these shortcomings, we believe our methodology offers a strategy for quickly and simply measuring the impact of HIV/AIDS on populations most at risk of acquiring HIV. Most importantly, this indirect estimation procedure addresses many of the shortcomings inherent with available vital event and census data sources. Further, it does not require considerable effort or time to describe demographic parameters of hard to reach populations most at risk nor is it limited to simulating patterns of mortality at national or pan-national level. Overall, we hope that our methodological approach will stimulate further research in this area and provide important insights into the mortality experiences of populations most affected by HIV/AIDS.
